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Description 

Technical Field 



lOOOl] The invention relates to an aqueous dispersion of titanium oxide particles, a titanium oxide thin film formed on 

^ , °' P'^^"^ ♦^"'"f" °xWe dispersion, an article made by 

coalingasurfaceofabase material «^ 

dispersion of titanium oxide particles. ayucuu!. 
[000?] The titar.ium oxide thin film is transparent, has an excellent photo<atalytic action and exhibits good adhesion 

Background Art 

10003] With respect to titanium dioxide (hereinafter referred to as titanium oxide"), it is known that three crystal phases 
of anatase. brookite and rutile existJn the case of a vapor phase production process 

by the premixed combustion of titanium tetrachloride and oxygen or the like, anatase titanium oxide is produced at the 
lowest temperature and this oxkJe is stable. When the anatasetitaniumoxide is heat treated^ 

range higher than this range (see. Rilcagaku Men (Dictionary of Physicochemistry}, 3rd ed.. pp 514-515) 
[0004] With respect to a liquid phase production process. Kouemon Funaki has reported in detail on the ciystal phase 
o^titanium oxide ^uced by hyd«)lysi8 of an aqueous titanium tetrachloride solution (see. Kogyo Ka^aitSS 
Chenr,,stryl Vol. 59. IMo 1 1 , p. 1295 (1 956)). This report states that mtile titanium oxide is produced prJorZT^ 

andtrrThTfinr:"?^"^^^^^^ 

and furttier mat fine y divided particles of brookite titanium oxide could not be produced in a liquid phase. The starting 
raw matenal is titanium tetrachloride and therefore the resulting titanium oxide inevitably contains chlorine ion 

Ih. J n Jl^'^'i"" '^'"^ • " ^ P^«f«^« t-^Wte titanium oxide by a liquid 

phase process. When titanium oxide obtained by a vapor phase process is heat-treated at a high temperaLe iie 
titanium ox.de changes into brookite titanium oxide as described above, however, the particles grow due to lie 'hS 
^i^tS forin a^'O'^'ngly. « has heretofore been difficult to obtain finely divided titanium oxide partfeles with brookite 

[0006] On the other hand, a sol. i.e.. an aqueous dispersion of titanium oxide particles is generally produced bv 
dispersing oystallme or amorphous titanium oxide particles in a dispersbn medium, or incorporating a praci^ of 
titanium oxide such as a titanium alkoxide. titanium sulfate or titanium tetrachloride in a disperaion mediumTn^i 
neutralizing or hydrolyzing the dispersion or mixture to form a sol. meaium. ana men 

dispersion is used for producing a titanium oxide powder or fbmiing a titanium 

Kfi L trtaniurn oxide is a photo-semiconductor and known to exhibit transparency and improved photoK^talytic 
function when the partcle size is small. The photc^atalytic function of titanium oxide is being aggressively Jiv^gaS 
andstud,edinrecentyears.Thisphoto^talystisusedforstain-proofingby 

of malodorous gas such as ammonia, or sterilization of microbes, and according to the purpose of us^ the titankm^ 
oxide IS fomied into various shapes such as bulk particles, thin film and a sol. In L case of obtaintig Snsparncyl^ 
addition to he photo-catalytic function, the titanium oxide is most often fboned into a thin film. To ftfe p^^ i,e 

rSoT ? f ' °^ « ' e- a" aqueous dispersion 

[0009] As for the photo-catalytfc capacity of titanium oxide, it is known that the rutile type surpasses the anatase tvoe 

This IS ascnbable to the difference in the energy gap between the two types. The rutile type has an ene Jgap of7o2 

n?r^r„!Li„„ H ^ ^^k"; *° ''"'^'^"^ '■" t'^"'"'" having a high energy 

gap « conventionally used as a phot(vsemiconductor. However, heretofore no case is known where bLkite titaniurJ 

n^ZlT^ ? ! single substance. Moreover, it has been difficult to produce finely divided brookite titanium oxide 
particles having a high specific surface area and capable of use as a photo-semiconductor (photo^atalyst) because^e 

,r^^^\rr "'•''''^ *° P^^^^^^^^" ^^^^^^ ^"^^^'^ ^ ^^"^?^re. Thus the SScTof 
the brookite titanium oxide as a photo-catalyst is quite unknown. . uiei.apaaiy or 

[0010] In recent years, there has been proposed a process of coating a sol of finely divided titanium oxide particles 
on a lighting equipment such as glass tube or cover of a fluorescent lamp to form a thin film, and using tS thin firfor 
decomposing by the photo-catalytic action thereof an organic material such as lamp black adhering to ?he glass tube o 
a>ver, thereby preventing pollution of the glass tube or cover. However, when a thin film is fom,ed ftor^ tTa^^Z 
r^rtl^ru ''T: k" °'!^'^ above^escribed process, a thin film ha^^ng high transparency is diluU to obte" 
In partK^ular. use of a breokrte titanium oxide thin film as a photoK^atalyst for lighting equipment or other articles fe 
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heretofore not known. 

[0011] In the case of forming a titanium oxide thin film on a base material made of glass, plastic or other substances 
and using the thin film as a photo-cataiyst. the thin film is required to have a high photo-catalytic activity. The photo-catalytic 
action is a reaction occuning on the surface of a particle and, in order to attain a high photo-catalytic activity, the particle 

5 is preferably a finely divided particle having a high specific surface area. When a thin film is formed on lighting equipments 
or other articles, the thin film must be transparent and thus, similarly to the photo-catalytic activity, finely divided particles 
are preferable so as to attain good transparency, moreover, a dispersion of primary particles Is prefenred. Conventionally, 
these requirements have been dealt with mainly by using finely divided anatase titanium oxide particles. 
[0012] In the case of fonning a titanium oxide thin film on a base material, good adhesion must be attained between 

10 the thin film and the base material, othenvise, the thin film iis readily stripped off. 

[0013] According to the conventional production process comprising hydrolyzing titanium tetrachloride, it has been 
very difficult to produce an aqueous titanium oxide dispersion comprising finely divided particles having a very small 
particle size, a high crystallinlty and, when formed into a thin film, exhibits good transparency. 
[0014] JP-A 10-137593 discloses anatase type fine particulate titanium oxide having photocatalytic activity and a 

IS production method therefore. 

[0015] EP 826 633 A1 discloses an aqueous dispersion of titanium oxide particles comprising 50 to 10,000 ppm by 
weight chloride ions. 

[0016] EP 581 216 A1 discloses a process for producing a titanium oxide coating film comprising carrying out crystal 
growth of titanium oxide fine particles and coating the obtained particles on a substrate. 
20 [0017] US 5,698,205 discloses neutral titanium dioxide sols which have been stabilized with hydroxycarboxylic acids 
or derivatives thereof and are treated with metal ions. Inorganic anions, complexing agents and/or oxidizing agents to 
Improve the photostability. 

[001 8] JP-A 9-278443 discloses a method of providing titanium oxide particulates having an average particle diameter 
of 0.1 to 0.5 jxm and a particular surface area suitable for sintering. 
25 [001 9] The titanium oxide in a sol produced by the hydrolysis of a titanium alkoxide compound may have good powder 
properties such that the particle size is very small, however, the titanium alkoxide compound is very expensive as 
compared with titanium tetrachloride. 

Disclosure of the Invention 

30 

[0020] In view of the foregoing prior art, an object of the present Invention is to provide a sol. i.e. an aqueous dispersion 
of finely divided titanium oxide particles characterized in that, when the sol Is coated on a surface of a base material of 
various types to form a titanium oxide tiiin film on the base material surface, the thin film exhibits good photo-catalytic 
function, high transparency and sufficiently high adhesion between the thin film and the base material. Another object 

35 is to provide a thin film formed from the aqueous titanium oxide dispersion. 

[0021] As a result of extensive Investigations on a titanium oxide thin film formed from an aqueous titanium oxide 
dispersion, the present inventors have found that, by allowing a Bronsted base other than chlorine ion, preferably either 
one or both of nitrate ion and phosphate Ion to present together with chloride ion in the aqueous titanium oxide dispersion 
good thin film properties can be obtained, for example, the transparency is good and the adhesion between the base 

40 material and the thin film is sufficiently high, and further that the titanium oxide predominantly comprised of brookite 
titanium oxide has a photo-catalytic capacity equal to or higher than tiie photo-catalytic capacity of anatase titanium 
oxide. The present invention has been accomplished based on these finding. 

[0022] Thus, in one aspect of the present invention, there is provided an aqueous dispersion of titanium oxide particles 
comprising chloride ion and a Bronsted base other than chloride ion, which is a dispersion of titanium oxide particles 
^ comprising brookite titanium oxide particles. The term "Bronsted base" herein used, we mean a proton acceptor In 
Br<|)nsted acid-base concept. 

[0023] In another aspect of the present invention, there is provided a titanium oxide thin film fomied on a surface of 
a base material from the above-mentioned aqueous dispersion of titanium oxide particles. 

[0024] In still another aspect of the present invention, there is provided an article made by coating a sur^ce of a base 

50 material with the above-mentioned aqueous dispersion of titanium oxide particles. 

[0025] In a further aspect of the present Invention, there is provided a process for producing an aqueous dispersion 
of titanium oxide particles comprisisng brookite titanium oxide particles, especially a dispersion of titanium oxide particles 
predominantly comprised of brookite titanium oxide particles, which dispersion comprises chloride ion and a Br(|>nsted 
base other than chloride ion In an amount such that the total anion content of the chloride Ions and the Bonsted base 

55 is in the range of 50 ppm to 10,000 ppm in the aqueous titanium oxide dispersion, characterized in that titanium tetra- 
chloride is hydrolyzed in the presence of a solution containing at least one kind of Br<|)nsted base at a temperature in 
the range from SO'^C to the boiling point of an aqueous titanium tetrachloride solution, and then . adjusting the thus-prepared 
aqueous titanium oxide dispersion so that the total anion content of chloride Ions and the Bronsted base In the aqueous 
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titanium oxide dispersion is in the range of 50 ppm to 10,000 ppm. 
Brief Description of the Drawings 

[0026] Figure 1 is a schematic cross-sectional view showing one preferable example of a reaction vessel used for the 
production of an aqueous titanium oxide dispersion of the present invention. 

Best Mode for Carrying Out the Invention 

[0027] The aqueous titanium oxide dispersion of the present invention comprises chloride ton and at least one Bronsted 
base other than chloride ion. A thin film formed from the aqueous titanium oxide dispersion has not only excellent 
photo-catalytic function but also high adhesion to the base material and improved transparency 
[0028] The Bronsted base contained in the aqueous titanium oxide dispersion of the present invention is preferably 
selected from nitrate ion. phosphate ion. pyrophosphate ion. metephosphate ion. polyphosphate ion and organic acid 
ions, and more preferably selected from nitrate ion and phosphate ion. These Bronsted bases may be contained either 
alone or as a combination of at least two thereof. As specific examples of the organic acid ions, there can be mentioned 
acetate ion. ethanesulfonate ion. dodecylbenzenesulfonate ion and propanesulfonate ion. The amount of the Bronsted 
base OMitained in the aqueous titanium oxide dispersion of the present invention means not the amount of the Bnbnsted 
base which IS present in equilibrium state in the aqueous dispersion, but the absolute amount of the total ions which are 
present in the aqueous dispersion. The content of chloride ion and the Bronsted base otherthan chloride ion is preferably 
m the range of 50 ppm to 10.000 ppm and more preferably 100 ppm to 4,000 ppm. as the total anion content in the 
titanium oxide sol. 

[0029] The dispersion medium of the aqueous titanium oxide dispersion is usually water or a mixture of water and an 
organic solvent In the case of preparing the aqueous titanium oxide dispersion by hydrolyzing titanium tetrachloride 
hydrogen chlonde is generated during the hydrolysis reaction, and dissociated into chloride Ion and hydrogen ion in the 
resulting aqueous dispersion. This hydrogen chloride generally escapes from the system in many cases during the 
hydrolysis reaction under heating. It is considered that the presence of hydrogen chloride in the aqueous dispersion 
incurs vanous troubles when a titanium oxide powder is prepared ora titanium oxide thin film is fonned from the aqueous 
dispersion. Accordingly, if a certain amount of hydrogen chloride remains in the aqueous dispersfon after completion of 
the hydrolysis reaction, the aqueous dispersion is usually subjected to a dechlorination treatment to reduce the hydrogen 
chlonde content in the aqueous dispersion as much as possible. However, effects of this chloride ion in the aqueous 
dispersion on the properties of the titanium oxide thin film have heretofore been not studied and no attempt has been 
made for controlling the chloride ion in the aqueous dispersion from this aspect. 

[0030] The present inventors have previously found that when chloride ion is contained in the aqueous dispersion a 
titanium oxide thin film fomied from the aqueous dispersion has a high photo^atalytic activity and excellent adhesiixi 
to a base matenal. Thereafter, studies have been continued to have found that when chloride ion. and at least one 
Brjnsted base other than chloride ion. such as nitrate ion or phosphate ion. are present together, the thin film formed 
exhibrts riiore improved transparency and adhesion. The present invention has been accomplished based on these 
findings. The reason for which the improved results are obtained is not clear, but it is presumed that a condensation 
reartion occurs due to the acid catalyst effect of a co-existing Br(t.nsted acid such as nitric add or phosphoric add and 
the film-fomiing property and adhesion of the thin film are enhanced. 

[0031] It may be suffident that diloride ion and at least one kind of an ion seleded from Br^nsted bases other than 
chlonde ion (said ion is hereinafter referred to as "chloride ion and the like" when appropriate) are present together in 
he aqueous btanium oxide dispersion, however, in order to increase the adhesion between the titanium oxide thin film 
fomied on a base material and the base material, diloride ion and the like are preferably contained in the total amount 
of at least 50 ppm. In particular, in the case where the thin film is calcined, the adhesion is improved when diloride ion 
and the like are contained in the total amount of at least 50 ppm. If the total amount of djloride ton and the like increases 
in the aqueous dispersion and exceeds 10.000 ppm, the transparency of the thin film is deteriorated. The total amount 
IS particulariy preferably in the range of fix>m 1 00 ppm to 4.000 ppm. 

.7^® °^ "^^^ «*"°ride ion to diloride ion is not particularty limited, and the total amount 

of chlonde ion and Bronsted base other than diloride ton may be seleded over a wide range, for example, from 0 1 md 
to 200 mols per mol of chloride ion. 

[0033] It is surprising that brookite titanium oxide can be produced by maintaining the total amount of diloride ion and 
Brensted base other than chloride ion in the above-mentioned range. Although the reason is not clear, the aqueous 
titanium oxide dispersion containing brookite crystal exhibits high photo-catalytic adivity and results in a thin film havinq 
good transparency as compared with an aqueous titanium oxide dispersion containing anatese crystal or rutile crystal 
alone oran aqueous titanium oxide dispersion containing both of anatese crystal and rutile crystal. The content of brookite 
crystal in the aqueous dispersion is not particuraly limited but is preferably in the range of 10% to 100% by weight and 
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more preferably 50% to 100% by weight, 

[0034] The action of chloride ion and the like is not clearly elucidated but it Is presumed that electrical repulsion among 
titanium oxide particles in the aqueous titanium oxide dispersion Increases to bring about good dispersion of particles, 
as a result, the above-described good effects on the transparency and peel strength can be obtained. 
s [0035] As the titanium oxide particles in the aqueous titanium oxide dispersion are smaller, the photo-catalytic activity 
and transparency of the titanium oxide thin film are more improved. However, excessively small titanium oxide particles 
are difficult to produce. Accordingly, the titanium particles In the aqueous dispersion preferably have an average primary 
particle diameter in the range of 0.01 jim to 0.1 jtm. 

[0036] In order to further Increase the photo-catalptic function and transparency of the thin film formed from the aqueous 
10 titanium oxide dispersion is preferably an aqueous dispersion such that titanium oxide particles predominantly comprised 
of brookite titanium oxide particles and having an average particle diameter in the range of from 0.01 jxm to 0.1 p.m and 
a specific surface area of at least 20 m^/g are dispersed in water or a mixture of water and an organic solvent 
[0037] As a process for producing brookite titanium oxide particles, heretofore known is only a process of heat-treating 
anatase titanium oxide particles as described above. If formation of a thin film is attempted using the brc>okite titanium 
15 oxide particles obtained by the heat treatment, a thin film cannot be successfully formed because the particle size Is 
Inevftably greatly Increased due to sintering during the heat treatment. Accordingly, this brookite titanium oxide particles 
have not been used at all for forming a thin film. 

[0038] In the aqueous titanium oxide dispersion of the present invention, if the concentration of titanium oxide particles 
is too high, the particles coagulates to render the aqueous dispersion unstable. On the other hand. If the concentration 

20 of titanium oxide particles is too low, there arise problems, for example, the process of coating the aqueous dispersion 
takes a long period of time for the thin film fonnation. Accordingly, the concentration (content) of titanium oxide particles 
in the aqueous titanium oxide dispersion is suitably in the range of from 0.05 mol/liter to 10 mol/liter. 
[0039] The aqueous titanium oxide dispersion of the present invention may be processed in a usual manner, for 
example, through filtering, water washing and drying, to obtain titanium oxide particles. The titanium oxide particles 

25 preferably have an average primary particle diameter in the range of from 0.01 |xm to 0. 1 ^.m. The titanium oxide particles 
obtained from an aqueous ti'tanium oxide dispersion predomlnantiy comprised of brookite titanium oxide particles pref- 
erably have an average particle in the range of from 0.01 ^jum to 0.1 fjim and a specific surface area of at least 20 m^/g. 
[0040] In the case of using the aqueous titanium oxide dispersion for forming a thin film, a small amount, for example, 
from about 1 0 ppm to about 1 0,000 ppm of a water-soluble polymer may be added so as to increase the thin film forming 

30 property of the aqueous dispersion. Suitable examples of the water-soluble polymer include polyvinyl alcohol, methyl 
cellulose, ethyl cellulose, CMC and starch. 

[0041] The aqueous titanium oxide dispersion of the present Invention may be coated on a base material to form a 
titanium oxide thin film on the base material surfece. As the base material, various materials and shaped articles may 
be used and, for example, ceramics, metals, plastics, wood, paper and tiie like may be used almost without any limitation. 

35 Also, the base material may be previously coated. Furthermore, the base material may comprise alumina, zirconia or 
the like which can woric out to a catalyst support, and after allowing the titanium oxide thin film catalyst to be supported 
thereon, the base material may be used as a catalyst. When glass, plastic cover or the like of lighting equipments such 
as fluorescent lamp is used as a base material and a titanium oxide thin film is formed thereon, the thin film Is transparent 
and has a photo-catalytic activity and accordingly, the thin film can decompose an organic material such as lamp black 

^0 without shielding the light and thus, is effective for preventing pollution of the glass or cover. When a titanium oxide thin 
film is formed on an architectural glass or wall material, the thin tilm can similarly prevent pollution. Accordingly, the 
titanium oxide thin film may be fonmed on the window material or wall material of a tall building and this can dispense 
with cleaning operation, in turn, the cost for managing the building can be curtailed. 

[0042] The aqueous titanium oxide dispersion may be coated on a base material by a process of dipping the base 
45 material in the aqueous dispersion, a process of spraying the aqueous dispersion on the base material, or a process of 
coating the base material with the aqueous dispersion by using a brush. The amount of the aqueous dispersion applied 
for coating is preferably from 0.01 mm to 0.2 mm expressed In terms of thickness of tiie liquid coating. After the coating, 
the base material coated with the aqueous dispersion is dried to remove tiie moisture content and thus, a thin film is 
obtained. This thin film can be used as it is as a catalyst or for others. 
50 [0043] In the case where the base material Is made of heat-resistant substance, such as metal, ceramic or glass, the 
titanium oxide thin film fonmed may be calcined. By the calcination, the thin film is more tightiy bonded to the base 
material and the hardness of the thin film is enhanced. The calcination temperature is preferably at least 200*'C. The 
upper limit of the calcination temperature Is not partlculariy limited and may be selected according to the degree of heat 
resistance of the base material. However, even If an excessively high temperature Is employed, hardness of the thin 
55 film and adhesion to the base material do not increase any more. Accordingly, the calcination temperature is suitably 
up to about BOO^'C. In the case of titanium oxide particles mainly comprised of brookite titanium oxide particles, the 
calcination is preferably perfonmed at a temperature of yoO'^C or lower so as to maintain the brookite crystal form. 
Especially preferably, an aqueous titanium oxide dispersion comprising chloride ion and phosphate ion, which has been 
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prepared by hydrolyzing titanium tetrachloride in the presence of phosphate ion. can be formed into a thin film having 
good adhesion and high hardness by calcining the aqueous dispersion at a relatively low temperature, i e at least 200'C 
but lower than SOO'C without incorporation of an adhesive therein. 

10044] The calcination atmosphere is not particularly limited and the calcination can be performed in an air atmosphere 
The calcination time is not particulariy limited and. for example, from 1 to 60 minutes. The thickness of the titanium oxide 
thin film with the above-described coated amount is approximately in the range of from about 0.05 ^m to about 1 0 am 
[004q In order to fimily bond the transparent thin film of the present invention to the base material and further increase 
the adiiesion strength thereof, an appropriate adhesive may be added to the aqueous titanium oxide dispersion As an 
example of the adhesive, there can be mentioned an organic silica compound such as an alkyi silicate. The amount of 
the adhesive added is not particularly limited, however, in the case of alkyI silicate, the added amount thereof Is in terms 
of S1O2. approximately from 1 % to 50% by weight based on the titanium oxide in the aqueous dispersion of the present 
invention. If the amount of theadhesive added is smallerthan 1% by wei 

If It exceeds 50% by weight, the adhesive strength to the base material may be very intensified but the titanium oxide 
partide is thoroughly coated with the adhesive and the photo-catalytic function is diminished. The adhesive may be 
mixed immediately before the film fomiation or may be previously mixed into the aqueous titanium oxide dispersion 
Either process may be selected depending on the property of the adhesive. Whichever is selected, the effect of the 
present invention is not adversely affected. The thin film containing the adhesive may or may not be calcined 
[0046J The titanium oxMe thin film prepared using the aqueous titanium oxide dispersion of the present invention is 
crystalline, composes very finely divided titanium oxide particles, is free of impurities, and allows the finely divided 
titanium oxide particles to disperse exceedingly alike primary particles. Accordingly, the thin film has high photoKatalytic 
capability and high transparency. In particular, when the titanium oxide is predominantly comprised of i e comprises 
at least 50% by weight of brookite titanium oxide, the photo-catalytic activity is more increased 

J!^ ^'T^^ P'«'"^"9 titanium oxide dispersion of the present invention will now be described 

[0048] It IS sufficient that the aqueous titanium oxide disperston of the present im^ention contains chloride ion and the 
Br(|.nsted base other than chloride ion preferably in the above-described amount, and the preparation process thereof 
is not particulariy limited. For example, a process of hydrolyzing a titanium alkoxide compound to obtain an aqueous 
dispersion of titanium oxide particles containing a small amount of an alcohol, adding hydrogen chloride orother chlorides 
thereto, and further adding thereto either one or both of nitrate ion and phosphate ion to have a concentration of the 
chlonde ion plus nitrate and/or phosphate ion preferably falling within the above-described range may be employed 
However, titanium tetrachloride which involves the generation of hydrogen chloride during the hydrolysis is preferably 
used. The process for producing an aqueous dispersion of titanium oxide particles will be described below by referrina 
to the case where titanium tetrachloride is used. 

[0049] The hydrogen chloride generated during the hydrolysis of titanium tetrachloride is preferably prevented from 
escaping out of the reaction tank and allowed to remain in the aqueous dispersion as much as possible. If the titanium 
tetrachlonde is hydrolyzed while allowing the hydrogen chloride generated to escape, the titanium oxide in the aqueous 
dispersion encounters difficulties in attaining a small particle size and further. Its crystallinity is deteriorated 
[0050] The hydrogen chloride generated during the hydrolysis may not be completely prevented from escaping but it 
IS sufficient If tt.e escaping is suppressed. The process therefor is also not particulariy limited as far as the escaping can 
be suppressed. For example, a pressure may be applied thereto but a most simple and effective process is to perfbmi 
the hydrolysis in a hydrolysis reaction vessel equipped with a reflux condenser. Fig. 1 shows this apparatus In the figure 
a reaction vessel 1 filled with an aqueous solution 2 of titanium tetrachloride is equipped with a reflux condenser 3 a 
stirrer 4, a themiometer 5 and a device 6 for heating the reaction vessel. During the hydnslysis reactfon. water vati)r 
and hydrogen chloride vapor are generated and most of the vapors are condensed through the reflux condenser 3 and 

10051] If the concentration of titanium tetrachloride in the aqueous titanium tetrachloride solution hydrolyzed is too 
low, productivity is poor and efficiency in the fonnation of a thin film from the aqueous titanium oxide dispersion produced 
IS low^On the other hand, if the concentration is excessively high, the reaction vigorously proceeds, therefore finely 
divided titanium oxide particles are difficult to obtain, and the dispersibility is poor and as such, the aqueous dispersion 
IS disadvantageous as a transparent film-fonning material. The titanium tetrachloride concentration is preferably in the 
range of from 0.05 mol/liter to 10 mol/liter. By hydrolyzing this aqueous titanium tetrachloride solution under heating a 
SON i-e.. an aqueous dispersion comprising fitanium oxide (TiOg) particles dispersed therein is obtained When the 
hydrolysis is performed using a reaction vessel equipped with a reflux condenser, the aqueous dispersion obtained has 
a titanium oxide concentration of approximately from 0.05 mol/liter to 10 mol/Wer and accordingly, the thus produced 
aqueous dispersron can be used as it is as a coating material having a preferred titanium oxide concentration If desired 
water may be added to the aqueous dispersion as obtained by the hydrolysis or the aqueous dispersion may be con^ 
centrated. so that the titanium oxide concentration can fall vwthin the above-described preferred range 
[0052] The hydrolysis temperature is preferably from 50-C to the boiling point of the aqueous titanium tetrachloride 
solution. If the hydrolysis temperature is lower than 50X. the hydrolysis reaction takes a long period of time The 
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hydrolysis is performed by elevating the temperature to a temperature within the above-described range and maintaining 
the temperature for approximately from 1 0 minutes to 1 2 hours. The time for maintaining the temperature may be shorter 
as the hydrolysis temperature is in the higher side. 

[0053] The aqueous titanium tetrachloride solution may be hydrolyzed by heating a solution of titanium tetrachloride 
5 in water in a reaction vessel at a predetermined temperature, or by previously heating water in a reaction vessel, adding 
titanium tetrachloride therein, and then, heating the mixed solution at a predetemnined temperature. The titanium oxide 
obtained by this hydrolysis is generally a mixture comprised of a predominant proportion of brookite titanium oxide with 
minor amounts of anatase titanium oxide and/or rutile titanium oxide. For obtaining titanium oxide containing a higher 
amount of brookite titanium oxide, a process of previously heating water in a reaction vessel at a temperature of from 
10 JS^C to 100*C, preferably from 85*C to 95*C, adding thereto titanium tetrachloride, and then, performing the hydrolysis 
at a temperature of from 75X to the boiling point of the solution, or, when the previous heating temperature is in the 
range of from 85**C to 95**C, performing the hydrolysis at a temperature of from SS'^C to the boiling point of the solution 
is preferred. 

[0054] By this process, titanium oxide containing at least 70% by weight of brookite titanium oxide based on the total 
15 weight of titanium oxide can be prepared. The reason for which such a high proportion of brookite titanium oxide is 
produced is not clearly elucidated, but it is to be noted that the titanium oxide containing a salient proportion of brookite 
titanium oxide is obtained from a mixture comprising chloride ion and Bronsted acid other than chloride ion by performing 
the hydrolysis at a temperature of from SO^'C to the boiling point of the aqueous titanium tetrachloride solution. Preferable 
examples of the Bronsted acid are nitric acid and phosphoric acid, which have a boiling point higher than that of hydro- 
20 chloric acid. 

[0055] As the temperature of the aqueous titanium tetrachloride solution to be hydrolyzed is elevated at a higher rate, 
the particles obtained can be finer. Accordingly, the temperature elevating rate is preferably at least 0.2*'C/min, more 
preferably at least 0.5''C/min. By this process, titanium oxide particles in the aqueous dispersion can have a preferred 
average particle diameter in the range of from 0.01 ^.m to 0.1 ^m and exhibit good crystallinity. 

25 [0056] The type of preparation of the aqueous titanium oxide dispersion of the present invention is not limited, and a 
batch system may be employed, and a continuous system may also be employed wherein a continuous reaction vessel 
is used where titanium tetrachloride and water are continuously charged therein through an inlet, and the reaction solution 
is taken out from an outlet located opposite to the inlet and subsequently subjected to a dechlorination treatment. 
[0057] The thus-prepared aqueous dispersion is adjusted to have a chloride ion concentration of lower than 10.000 

30 ppm by a dechlorination treatment or by addition of water or dehydration within the range of causing no trouble. 

[0058] The dechlorination treatment may be performed by generally known means and for example, electrodialysis. 
ion exchange resin or electrolysis may be used. To the aqueous dispersion adjusted to have a chloride ion concentration 
of lower than 10,000 ppm, at least one Br(|>nsted base, preferably either one or both of nitric add and phosphoric acid 
are added and the aqueous dispersion is adjusted to have a total amount of these ions of from 50 ppm to 10,000 ppm. 

35 The nitric acid, phosphoric add and other Bronsted base may also be added at the time of hydrolysis of titanium 
tetrachloride. 

[0059] The dispersion medium of the aqueous titanium oxide dispersion of the present invention is generally water or 
a mixture of water and an organic solvent. The organic solvent is added to the aqueous dispersion after the hydrolysis 
of titanium tetrachloride, or may be added to the aqueous titanium tetrachloride solution and the resulting solution may 

40 be hydrolyzed. Also in the case of the dispersion medium containing an organic solvent, the titanium oxide concentration 
in the aqueous dispersion as a coating material is preferably in the range of from 0.05 mol/liter to 10 mol/iiter. In the 
case of adding an organic solvent after the preparation of the aqueous dispersion may be concentrated or dehydrated, 
if desired, to increase the titanium oxide concentration and then an organic solvent may be added thereto, so that the 
titanium oxide concentration in the aqueous dispersion can be adjusted to fall within the above-described range. 

45 [0060] The organic solvent is preferably hydrophilic, and specific examples thereof include monohydric or polyhydric 
alcohols such as methanol, ethanol and ethylene glycol, ketones such as acetone, esters such as ethyl acetate, and 
cellosolves such as ethyl cellosolve. These may be used either alone or as a mixture. The organic solvent may be added 
to the aqueous dispersion in any amount but preferably added in an amount of not larger than 2,000 parts by weight per 
100 parts by weight of water in the aqueous dispersion 

50 [0061] In the case where a titanium oxide thin film is fonmed from the aqueous titanium oxide dispersion of the present 
invention, the aqueous dispersion as produced by the hydrolysis reaction is preferably used as It is. A process of firstly 
producing a titanium oxide powder from the as-produced aqueous dispersion and then dispersing the powder in water 
to form an aqueous titanium oxide dispersion for use is not preferred. This is because the titanium oxide particle has a 
high surface activity and as the partide size becomes finer and finer, the activity more increases and thus dispersion of 

55 finely divided partides into water becomes very difficult, that is, agglomerates are produced. The thin film formed from 
this sol has poor transparency and reduced photo-catalytic action. 

[0062] The present invention will now be described in detail by referring to the following working examples, but the 
present invention is by no means limited to these examples. 
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[00631 In the working examples, the identification of the crystal stmcture of titanium oxide and the content of the 
titanium oxide having a crystal structure identified were determined as follows. 

[0064] The X ray peaks of three main crystal systems of titanium oxide, namely, brookite, anatase and njtile, are 
overlapped In the major part as seen in Table 1 (extract from JCPDS Card). In particular, the d values in the main peaks 
(intensity ratio: 1 00) of brookite and anatase crystals are 3.51 (crystal face: 1 20) and 3.52 (crystal face: 1 01 ). respectively 
and 26 by the Cu tube bulb in the X ray diffraction is In the vidnity of 28.1 The angle difference by 20 is 0.1 • or smaller 
and thus, the peaks are overlapped. Accordingly, the contents of two types of crystals cannot be detemjined from the 
intensity ratio of the main peaks thereof. The brookite also has a d value at 3.47 (crystal face: 1 1 1 ). 29 In these three 
peaks is from 28.1 ° to 28.5" and thus, the peaks are substantially overlapped. 

[00651 As such, the intensity ratto of the main peaks between the brookite and the anatase cannot be obtained. In the 
working examples, the peak of the 121 face of the brookite, which is not overlapped with the peak of the anatase, was 
used and an intensity ratio of this peak to the peak where the above-described three peaks are overlapped (peak Intensity 

of 121 face of bnooklte)/(peak Intensity where three peaks are overlapped) was obtained. From the Intensity ratto obtained, 
the contents of brookite titanium oxide and anatase titanium oxide were determined. The content of the rutile titanium 
oxide was detenmined from an intensity ratio of the main peak (110 face) of the rutile type titanium oxide to the peak 
where three peaks are overlapped (main peak intensity of rutfle)/(peak intensity where three peaks are overlapped). In 
actual measurement. Wentlfication by the X ray diffraction using an X ray diffraction apparatus (RAD-B Rotor Flex 
supplied by RIgaku DenkI KK) and quantitative analysis by a data processing were performed together. 



Table 1 Extract of JCPDS Card (Card No.) 



Brookite (29-1360) 




Anatase (21-1272) 




Rutile (21-1276) 


d Value Crystal 


Intensity 


d Value 


Crystal 


Intensity 


d Value 


Crystal face 


Intensity 


face 


ratio 




face 


ratio 






ratio 


3.51 120 


100 


3.52 


101 


100 


3.25 


110 


100 


2.90 121 


90 


1.89 


200 


35 


1.69 


211 


60 


3.47 111 


80 


2.38 


004 


20 


2.49 


101 


50 



[0066] In the working examples, the following physical properties of a thin film were evaluated as characteristics of 
an aqueous titanium oxide dispersion. 



Evaluation of Properties of Thin Film 



[0067] 2 ml of the coating solution prepared in each of Examples and Comparative Examples was coated on a soda 
lime glass having a size of 76 mm x 26 mm. The glass was kept perpendicularly for 10 minutes to remove the excess 
coating solution. After the completion of coating, the glass with the coating solution was dried and calcined at a prede- 
temiined temperature described in each of Examples and Comparative Examples (hereinafter referred to as "film-forming 
temperature" which means a calcination temperature) to obtain a titanium oxide thin film (film thickness: about 0 2 jtm) 
Transparency, photo-catalytic activity, tight adhesion, adhesive strength and pencil hardness of the thin film formed was 
evaluated. The results obtained are shown in Table 3. 



Transparency 



[0068] The transparency was determined according to JIS K671 8 using a haze meter, manufactured by Tokyo Den- 
shoku Gijutsu Center KK, and evaluated according to the following three ratings. 

A: Haze ratio of smaller than 2.0% 

B: Haze ratio of at least 2.0% but smaller than 5.0% 

C: Haze ratio of at least 5% 



Photo-catalytic Activity 

[0069] The Photo-catalytlc activity was detenmined by coating a few drops of red ink on the base material, irradiating 
the coating with black light (365 nm) at an ultraviolet intensity of 2.1 mW/cm2 for 30 minutes, and observing the fading 
of the red ink by the naked eye. The results were expressed according to the following three ratings. 

A: Well discolored 
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B: Partially not discolored 
C: Not discolored 

Tight Adhesion 

5 

[0070] The tight adhesion to the base material was evaluated by a water wiping test and an alcohol wiping test. The 
soda lime glass base material was rubbed in 10 reciprocation motions with KIMWIPE (produced by Krencia) wetted with 
water or an alcohol and then wiped off with dry KIMWIPE in 10 reciprocation motions. Thereafter, the film state was 
evaluated by the naked eye and expressed by the following three ratings. 

10 

A: The film was not scratched. 
B: The film was partially scratched. 
C: The film was partially stripped off. 

« Adhesive Strength 

[0071] The adhesive strength was detenmined by a cross-cut tape adhesion test according to JIS K5400. where the 
scratch interval was 1 mm and the number of squares was 100. The adhesive strength was expressed by the number 
of squares among 100 squares, which were not peeled. 

20 

Pencil Hardness 

[0072] The pencil hardness was determined according to the pencil hardness test method (JIS K5400). 
25 Example 1 

[0073] To titanium tetrachloride (purity: 09.9%), water was added to prepare an aqueous titanium tetrachloride solution 
having a concentration of 0.25 mol/liter (2% by weight as titanium oxide). At this time, the system was ice cooled so that 
the liquid temperature of the aqueous solution did not exceed 50°C. Thereafter. 1 liter of this aqueous solution was 

30 charged into a reaction vessel with a reflux condenser as shown in Fig. 1 and heated to a temperature ( WC) in the 
vicinity of the boiling point. The mixed solution was kept at the same temperature for 60 hours to effect hydrolysis. The 
thus-obtained aqueous dispersion was cooled and the residual chlorine produced by the reaction was removed by 
electrodlalys is to have a chloride ion (CI ion) concentration of 1.000 ppm. The electrodialys is was performed by an 
electrodialyser Model G3 manufactured by Asahi Chemical Industry Co.. Ltd. while monitoring the pH of the aqueous 

35 dispersion. Then, nitric acid was added to the aqueous dispersion to have a NO3 ion concentration of 3,000 ppm. 

[0074] To the aqueous titanium oxide dispersion adjusted to have the above-described chloride ion and nitrate ion 
concentrations, a water-soluble polymer polyvinyl alcohol as a thin film formation aid was added in an amount of 1 .000 
ppm based on the weight of the aqueous dispersion. Even after one or more days, precipitation of finely divided titanium 
oxide particles produced was not observed in the aqueous dispersion. 

40 [0075] A part of particles in the aqueous dispersion were sampled, and observation of the particles through a trans- 
mission type electron microscope revealed that the average particle diameter was 0.018 jtm. Thereafter, the crystal 
structure of the titanium oxide was examined by X ray diffraction. As a result, the X ray peak intensity ratio (peak intensity 
of 121 face of brookite/peak intensity where three peaks are overiapped) was 0.35 and there was not observed a peak 
of aitile type. The titanium oxide obtained was crystalline, and from the peak intensity ratio detennined, it was proved 

45 to consist of about 40% by weight of anatase titanium oxide and about 60% by weight of brookite titanium oxide. 

[0076] Then, an ethanol solution of tetraethyl-o-silicate (concentration: 0.25% by weight as Si02) as an adhesive was 
prepared. 

[0077] The aqueous dispersion obtained above was mixed together with this adhesive solution at a weight ratio of 1 :1 
to prepare a coating material of the aqueous titanium oxide dispersion. This coating material had a composition shown 
so In Table 2. According the above-described method, thin film was fonned from the coating material and its properties 
were evaluated wherein the heating temperature of the coating was 100X. The evaluation results are shown in Table 3. 

Example 2 

55 [0078] By the same procedures as described in Example 1 , an aqueous titanium oxide dispersion was prepared and 
thin film was fonmed from the aqueous dispersion and evaluated. The composition of the coating material and the process 
for preparation thereof were identical to those employed in Example 1 , but the heating (calcination) temperature was 
varied to 400^. The composition of the coating material is shown in Table 2 and the evaluation results of the thin film 
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are shown in Table 3. 
Comparative Examples 1 to 4 



KL uSl? P"'?!^"'^" ^= ^^^"'^^'^ ^^'"P'^ 1 ■ a" aqueous titanium oxide dispersion was prepared and 
ttiin film was fomied from the aqueous dispersbn and evaluated. Nitric acid was not added and the amount of chloride 
.on was vaned as shown in Table 3. Tetraethyl ortho-silicate as an adhesive was not added in Comparative Example^ 
sholiiin Tabte r°^*°" ^ ""^"^^ ^ ^'^ evaluation results of the thin films are 

Examples 3 to 12 

[0080] By the same procedures as described in Example 1. aqueous titanium oxide dispersions were prepared and 
thin films were fomied therefrom and properties thereof were evaluated. The amounts of phosphate ion and nitrate ion 
TablT "'"'^'"""s 0^ the coating materials are shown In Table 2. and the evaluation results are shown in 

[00811 Particle sizes and crystal forms of titanium oxide particles obtained in Comparative Examples 1 and 2 and 
Examples 3 to 12 were almost the same as those of Examples 1 and 2. 

Example 13 

S "'^^ '^^'^^ ^ "^^"^ with a reflux condenser as shown in Fig. 1 and heated 

l^^inr." T '° ^ concentration as PO4 of 200 ppm. To this aqueous solution in the 

? L ^ K ^" ^"""'"^ '"^"'""^ tetrachloride solution (Ti content: 16.3% by weight, specific gravity 1 59 

^r^^lZ ': r?'^ '"'P*'"" ' ^'^^ 5 ^l^''^ keeping the stirrirJ^ rete at al^t 2M 

^m. At this time, the dropwise addition was carefully made so as not to lower the temperature of the reaction solution 
AS a result, the titanium tetrachloride concentration was 0.25 mol/liter (2% by weight as titanium oxide) 

1h?? k"/.k^ '^^"^^^ ^^^"^^ *° immediately after the dropwise 

'^'"Pf f r^ as it was. and after the completion of dropwise addition. L temperature was 

ft^rther elevated near to the boiling point {104-C). The reacfion solution w^^ 

Z oM ^1^0^ Ki' M """'Tn."'^ "^'^""^ '"^^ '^'^ by electrodialysis to adjust 

«,?»hil fiL / ? ""I]^ T'' PP"^^- « water-soluble polymer polyvinyl alcohol 

as a thin film fomiation aid was added in an amount of 0.1% by weight based on the titanium oxide content to prepare 
an aqueous dispersion of titanium oxide (TiO^: about 0.25 mol/liter). This aqueous dispersion was stable and even after 
30 or more days, precipitation of finely divided titanium oxide particles produced was not observed 

dnerat 60 Candtakenout. and the powderwas subjected to quantitativeanalysisin the same manner as in the previous 
^^TJT' ^n " Tk"' °' ^P'^' '"'""^"^ °' breokite/peak IntensKy where three peaki are 

overiapped) was 0.38 and the retio of (main peak intensity of rutlle/peak intensity where three peaks are overiappe^) 
was 0.05 From these, rt was detemiined that the titanium oxide was crystalline, and consisted of about 70.0% by weigh 

^I^^c tK °' "^"^ ^^■^"'^ "^'9^* °f ^^"^^ Observatton of the finely divided 

particles through a transmission type electron microscope revealed that the primary particles had an average particle 

r" ^'"1 '""^ ""anner as in the previous examples. 

The composition of the coating material is shown in Table 2. and the evaluation results are shown in Table 3. 

Example 14 

oM?in'.n"^""^^'t°^*^"'""' tetrachloride was perfomied under the same hydrolysis conditions as in Example 1 to 
obtem an aqueous dispersion containing 0.25 mol/liter of finely divided titanium oxide particles. Before perfomiing elec- 

concentrated by evaporation to have a titanium oxide concentration of 2 5 
molMer 20% by weight as titanium oxide). Thereafter, the residual chlorine was removed by electrodialysfeto have a 
chlonde ion concentration of about 1 ,200 ppm. wiyuwiysis 10 nave a 

if 9* mn "'tr'"°d and phosphoric ackJ were added to the aqueous dispersion to have a concentration 

i fuid to'l? T ^^P^^^'y- "^^ '^"'«"9 ^''"e^"^ "tanium oxide dispeSoJ 

ad usted to conta n nitrate ion and phosphate ion as described above, methyl alcohol as a solvent and a water-solubte 
polymer polyvinyl alcohol were added in amounts shown in Table 2. thereby obtaining an aqueous tteniJ^ o^S 
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persion (Ti02: about 0.5 mol/liter). 

[0088] Using this aqueous dispersion, a thin film was formed in the same manner as above and properties of the thin 
film were evaluated. The evaluation results are shown in Table 3. 

[0089] The average partide diameter, the ratio among crystal forms and the specific sur^ce area of titanium oxide 
particles were almost the same as those in Examples 1 and 2. 
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Industrial Applicability 

55 [0090] The aqueous dispersion of titanium oxide particles of the present invention comprises chloride ion and at least 
one kind of Bronsted base other than chloride ion, preferably nitrate ion and/or phosphate ion, and comprises brookite 
titanium oxide particles. When the aqueous dispersion of titanium oxide of the present invention is coated on a base 
material of various types to form a titanium oxide thin film, the thin film is transparent and exhibits excellent photo-catalytic 
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activity. Furthermore, the thin film has high hardness and exhibits excellent adhesion to the base material. 
[0091] Accordingly, the thin film on the base material has good durability and, when this thin film is formed on a glass 
tube or cover of lighting equipment, the photocataiytic activity can be maintained over a long period of time without 
shielding the light. 

[0092] The aqueous dispersion of titanium oxide particles of the present Invention can be prepared In an aqueous 
system starting from titanium tetrachloride and is advantageous in that the starting material is Inexpensive, the aqueous 
dispersion can be easily formed Into a thin film In an economically advantageous manner. 

[0093] A thin film formed from an aqueous titanium oxide dispersion containing nitrate ion has an especially high 
transparency. An aqueous titanium oxide dispersion containing phosphate ion is advantageous in that, when a thin film 
formed therefrom on a soda glass base material is calcined, deterioration of photocataiytic activity due to calcination 
can be prevented or minimized, and thus, a high photocataiytic activity can be obtained. 



Claims 

1. An aqueous titanium oxide dispersion comprising chloride ion and a Brtpnsted base other than chloride ion. which 
Is a dispersion of titanium oxide particles comprising brookite titanium oxide particles. 

2. The aqueous titanium oxide dispersion as claimed in claim 1 , wherein the Brcpnsted base is at least one kind of ton 
selected from nitrate ion, phosphate ion, pyrophosphate Ion, metaphosphate Ion. polyphosphate ion, and an organic 
add ion. 

3. The aqueous titanium oxide dispersion as claimed In claim 2, wherein the Brcpnsted base comprises either one or 
both of nitrate ion and phosphate Ion. 

4. The aqueous titanium oxide dispersion as claimed In claim 2, wherein the organic acid ion is selected from acetate 
ion, ethanesulfonate Ion, dodecylbenzenesulfonate ion and propanesulfonate ion. 

5. The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 4, wherein the content of chloride Ion 
and the Br9nsted base is in the range of 50 ppm to 10,000 ppm as the total anion content in the aqueous titanium 
oxide dispersion. 

6. The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 5, wherein the titanium oxide particles 
have an average particle diameter of from 0.01 p.m to 0.1 (jim. 

7. The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 6, wherein the titanium oxide particles 
have a specific surface area of at least 20 m^/g. 

8. The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 7. wherein the titanium oxide particles 
comprise 10% to 100% by weight of brookite titanium oxide particles. (Newly filed) 

9. The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 7, wherein the titanium oxide particles 
comprise 50% to 100% by weight of brookite titanium oxide particles. 

10. The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 9, wherein the content of titanium oxide 
particles in the aqueous titanium oxide dispersion Is in the range of 0.05 mol/liter to 10 mol/liter. 

1 1 . The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 1 0, which further contains from 1 0 ppm 
to 10,000 ppm of a water-soluble polymer. 

12- The aqueous titanium oxide dispersion as claimed in any one of claims 1 to 1 1 . which further contains a binder. 

13. The aqueous titanium oxide dispersion as claimed In daim 12, wherein the binder. Is an alkyi silicate. 

14. The aqueous titanium oxide dispersion as claimed in any one of daims 1 to 1 3, wherein the dispersion medium in 
the aqueous titanium oxide dispersion is water or a mixture of water and an organic solvent. 

15. A titanium oxide thin film formed on a surface of a base material from the aqueous titanium oxide dispersion as 
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claimed In any one of claims 1 to 14. 

16. The titanium oxide thin film as claimed in claim 1 5, wherein the base material Is made of a substance selected from 
ceramics , metals, glass, plastics, paper and wood. 

5 

17. The titanium oxide thin film as claimed in daim 16. wherein the base material is made of a heat-resistant substance 
selected from ceramics, metals and glass, and the titanium oxide thin film has been calcined. 

18. An article made by coating a surface of a base material with the aqueous titanium oxide dispersion as claimed in 
10 any one of claims 1 to 14. 

19. The article as claimed in claim 18, wherein the base material is made of a substance selected from ceramics, metals, 
glass, plastics, paper and wood. 

IS 20. A process for producing an aqueous dispersion of titanium oxide particles comprising brookite titanium oxide particles, 
which comprises chloride ion and a Br<pnsted base other than chloride ion in an amount such that the total anion 
content of chloride ion and the Brcpnsted base is in the range of 50 ppm to 1 0,000 ppm in the aqueous titanium oxide 
dispersion, which process comprises hydrolyzing titanium tetrachloride in the presence of a solution containing at 
least one kind of Brcpnsted base at a temperature in the range from SO'^C to the boiling point of an aqueous titanium 

20 tetrachloride solution, and then, adjusting the thus-prepared aqueous titanium oxide dispersion so that the total 
anion content of chloride ton and the Brcpnsted base in the aqueous titanium oxide dispersion is in the range of 50 
ppm to 10,000 ppm. 

21. The process for producing the aqueous titanium oxide dispersion as claimed in claim 20, wherein the br<pnsted base 
25 rs at least one kind of ion selected from nitrate ion, phosphate ion, pyrophosphate ion, metaphosphate ion, polyphos- 
phate ion, and an organic acid Ion. 

22. The process for producing the aqueous titanium oxide dispersion as claimed in claim 20, wherein the brq>nsted base 
comprises either one or both of nitrate ion and phosphate ion. 

30 

23. The process for producing the aqueous titanium oxide dispersion as claimed in claim 20 , wherein the organic acid 
ion is selected from acetate ion, ethanesulfonate ion dodecylbenzenesulfonate ion and propanesulfonate ion. 

24. The process for producing the aqueous titanium oxide dispersion as claimed in any one of claims 20 to 23, wherein 
35 the hydrolysis of titanium tetrachloride is canied out at a temperature in the range of 75''C to the boiling point of an 

aqueous titanium tetrachloride solution. 

25. The process for producing the aqueous titanium oxide dispersion as claimed in claim 24, wherein the hydrolysis of 
titanium tetrachloride is canied out in a reaction vessel equipped with a reflux condenser, while hydrogen chloride 

40 vapor and water vapor are condensed and returned to the aqueous titanium tetrachloride solution. 

26. The process for producing the aqueous titanium oxide dispersion as claimed in claim 24 or 25, wherein titanium 
tetrachloride is incorporated in hot water maintained at a temperature of 75^*0 to 100°C, and then, the hydrolysis of 
titanium tetrachloride is carried out at a temperature in the range of 75''C to the boiling point of an aqueous reaction 

45 solution. 



Patentanspriiche 

50 1 . Wassrige Trtanoxiddispersion, umfassend Chloridionen und eine andere Br0nsted-Base als Chloridionen, wobei es 
sich um eine Dispersion von Titanoxidteilchen, umfessend Brookit-Titanoxid-teitchen, handelt. 

2. Wassrige Titanoxiddispersion nach Anspruch 1, wobet die Brensted-Base mindestens eine lonenart ist. die aus 
Nitrationen, Phosphationen, Pyrophosphattonen, Metaphosphationen, Polyphosphationen und einem Ion eineror- 
55 ganischen Saure ausgewahit ist. 



3. Wassrige Titanoxiddispersion nach Anspruch 2, wobei die Brensted-Base eines oder beides von Nitrationen und 
Phosphationen umfasst 
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4. Wassrige Titanoxiddlspersion nach Anspruch 2. wobel das Ion einer organischen Saure aus Acetatlonen, Ethan- 
sulfonationen, Dodecylbenzolsulfonationen und Propansulfonatlonen ausgewShIt ist. 

5. Wassrige TItanoxiddispersion nach einem der Anspruche 1 bis 4, wobei der Gehalt an Chloridlonen und der Bron- 
sted-Base als Gesamtanlonengehalt in der wSssrigen Titanoxiddlspersion im Berelch von 50 ppm bis 10 000 ppm 

liegt. 

6. Wassrige TItanoxiddispersion nach einem der AnsprOche 1 bis 5. wobel die TItanoxidteilchen einen durchschnittll- 
chen Tellchendurchmesser von 0,01 ftm bis 0.1 jLm aufweisen. 

7. Wassrige TItanoxiddispersion nach einem der Anspruche 1 bis 6, wobel die TItanoxidteilchen eInen spezlflschen 
Oberfiachenbereich von mindestens 20 m^/g aufweisen. 

8. Wassrige Titanoxiddlspersion nach einem der Anspruche 1 bis 7, wobei die TItanoxidteilchen 10 Gew.-% bis 100 
Gew.-% Brooklt-Titanoxidteilchen umfassen. 

9. Wassrige Titanoxiddlspersion nach einem der Anspruche 1 bis 7. wobei die TItanoxidteilchen 50 Gew.-% bis 100 
Gew.-% Brooklt-Titanoxidteilchen umfassen. 

10. Wassrige Titanoxiddlspersion nach einem der Anspruche 1 bis 9, wobel der Gehalt an TItanoxidteilchen in der 
wassrigen Titanoxiddlspersion Im Berelch von 0,05 Mol/i bis 10 Mol/l liegt. 

11. Wassrige Titanoxiddlspersion nach einem der Anspruche 1 bis 10. die weiterhin 10 ppm bis 10 000 ppm eines 
wasseridslichen Polymers enthSlt. 

12. WSssrige TItanoxiddispersion nach einem der Anspruche 1 bis 11. die weiterhin ein Bindemlttel enthalt. 

13. Wassrige Titanoxiddlspersion nach Anspruch 12. wobel das BIndemittel eIn Alkylsllikat ist. 

14. Wassrige Titanoxiddlspersion nach einem der AnsprOche 1 bis 13. wobel das Dlspersionsmedlum In der wSssrIgen 
Titanoxiddlspersion Wasser oder ein Gemisch von Wasser und einem organischen Losungsmittel Ist 

15. TItanoxid-Dunnschicht, die auf einer OberflSche eines Grundmaterials aus der wSssrigen Titanoxiddlspersion nach 
einem der Anspruche 1 bis 14 gebildet ist. 

16. TItanoxid-Dunnschicht nach Anspruch 15, wobel das Grundmaterlal aus einer Substanz ist. die aus Keramiken. 
Metallen, Glas. Kunststoffen, Papier und Holz ausgewahit ist. 

17. Titanoxid-Dunnschicht nach Anspnjch 16, wobei das Grundmaterial aus mindestens einer hitzebestandlgen Sub- 
stanz ist. die aus Keramiken. Metallen und Glas ausgewahit Ist, und die Titanoxid-Dunnschicht calciniert worden ist. 

1 8. Gegenstand, welcher durch Beschlchten einer Oberflache eines Grundmaterials mit der wassrigen TItanoxiddisper- 
sion nach einem der Anspruche 1 bis 14 hergestellt wurde. 

19. Gegenstand nach Anspruch 18. wobei das Grundmaterial aus einer Substanz ist. die aus Keramiken. Metallen. 
Glas, Kunststoffen, Papier und Holz ausgewahit ist. 

20. Verfahren zur Herstellung einer wassrigen Dispersion von Titanoxidteilchen, umfassend Brooklt-Titanoxidteilchen, 
welche Chloridionen und eine andere Bronsted-Base als Chloridlonen in einer solchen Menge umfasst. dass der 
Gesamtanlonengehalt der Chloridlonen und der Bronsted-Base In der wSssrigen Titanoxiddlspersion im Berelch 
von 50 ppm bis 10 000 ppm liegt. wobei das Verfahren das Hydrolysieren von Titantetrachlorid in Gegenwart einer 
Losung, die mindestens eine Art einer Bronsted-Base enthalt, bel einer Temperatur Im Berelch von 50'C bis zum 
Sledepunkt einer wassrigen Titantetrachloridldsung, und anschlleliend das Einstellen der so hergestellten wassrigen 
Titanoxiddlspersion derart, dass der Gesamtanlonengehalt der Chloridionen und der Bronsted-Base in der wSssrigen 
Titanoxiddlspersion im Berelch von 50 ppm bis 10 000 ppm liegt, umfasst. 

21. Verfahren zur Herstellung der wassrigen Titanoxiddlspersion nach Anspruch 20, wobei die Bronsted-Base minde- 
stens eine lonenart ist, die aus Nitrationen, Phosphationen, Pyrophosphatlonen, Metaphosphationen, Polyphos- 
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phationen und einem Ion einer organischen Saure ausgewahtt ist. 

22. Verfahren zur Herstellung der wassrigen Titanoxiddispersion nach Anspaich 20. wobei die Bronsted-Base eines 
Oder beides von Nitrationen und Phosphationen umfaflt. 

23. Verfahren zur Herstellung der wassrigen Titanoxiddispersion nach Anspaich 20, wobei das Ion einer organischen 
Saure aus Acetationen, Ethansulfonationen, Dodecylbenzolsulfonationen und Propansulfonatlonen ausgewdhltist. 

24. Verfehren zur Herstellung der wassrigen Titanoxiddispersion nach einem der Anspruche 20 bis 23, wobei die Hy- 
drolyse von Titantetrachlorid bei einer Temperatur Im Bereich von 75**C bis zum Sledepunkt einer wassrigen Titan- 
tetrachloridldsung durchgefuhrt wird. 

25. Verfahren zur Herstellung der wassrigen Titanoxiddispersion nach Anspruch 24. wobei die Hydrolyse von Titante- 
trachlorid in einem ReaktionsgefaH durchgefuhrt wird, das mit einem Ruckflusskondensator ausgestattet ist, wobei 
Wasserstoffchloriddampf und Wasserdampf kondensiert werden und zur wassrigen Titantetrachloridlosung zuruck- 
gefuhrt werden. 

26. Verfahren zur Herstellung der wassrigen Titanoxiddispersion nach Anspmch 24 oder 25, wobei Titantetrachlorid in 
heilies Wasser einbezogen wird, welches bei einer Temperatur von 75 bis 100**C gehalten wird, und dann die 
Hydrolyse von Titantetrachlorid bei etner Temperatur im Bereich von ZS'^C bis zum Siedepunkt einer wassrigen 
Reaktionsldsung durchgefuhrt wird. 



Revendications 

1. Dispersion aqueuse d'oxyde de titane comprenant des ions chlorure et une base de Brcpnsted differente des ions 
chlorure, qui est une dispersion de particules d'oxyde de titane comprenant des particules d'oxyde de titane brooklte. 

2. Dispersion aqueuse d'oxyde de titane selon la revendication 1 ou la base de Brcpnsted est au moins un type d'ions 
choisis parmi les ions nitrate, les ions phosphate, les ions pyrophosphate, les ions m6taphosphate. les ions poly- 
phosphate et les ions acide organlque. 

3. Dispersion aqueuse d'oxyde de titane selon la revendication 2 ou la base de Br<pnsted comprend des ions nitrate 
ou des ions phosphate ou des ions nitrate et des ions phosphate. 

4. Dispersion aqueuse d'oxyde de titane selon la revendication 2 ou les ions acide organique sont choisis panni les 
ions acetate, les ions ethanesulfonate, les ions dod6cylbenzenesulfonate et les ions propanesulfonate. 

5. Dispersion aqueuse d'oxyde de titane selon Tune quelconque des revendications 1 d 4 oCi la teneur des ions chlomre 
et de la base de Brcpnsted est dans la plage de 50 ppm ^ 10 000 ppm en teneur d'anions totale dans la dispersion 
aqueuse d'oxyde de titane. 

6. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 d 5 oCi les particules d'oxyde 
de titane ont un diam^tre de particule moyen de 0,01 ^.m a 0,1 ^.m. 

7. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 d 6 ou les particules d'oxyde 
de titane ont une surface sp^clfique d'au moins 20 m^/g. 

8. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 d 7 ou les particules d'oxyde 
de titane comprennent 10 % ^ 100 % en masse de particules d'oxyde de titane brookite. 

9. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 a 7 ou les particules d'oxyde 
de titane comprennent 50 % d 100 % en masse de particules d'oxyde de titane brookite. 

10. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 a 9 ou la teneur des particules 
d'oxyde de titane dans la dispersion aqueuse d'oxyde de titane est dans la plage de 0,05 mol/l d 10 mo!/l. 

11. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 a 10 qui contient en outre de 
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10 ppm i 10 000 ppm d'un polym6re hydrosoluble. 

12. Dispersicmaqueused'oxydedetitaneselonl'unequelconquedesrevendicationsi ^1 11 quicontientenoutreun 

13. Dispersion aqueuse d'oxyde de titane selon la revendication 12 ou le liant est un silicate d'alkyle. 

14. Dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 1 d 13 oil le milieu de dispersion 
dans la dispersion aqueuse d'oxyde de titane est I'eau ou un melange d'eau et d'un solvant organique. 

1 5. Couche mince d'oxyde de titane fonnn§e sur une surface d'un matdriau de base depuis la dispersion aqueuse d'oxyde 
de titane selon I'une quelconque des revendications 1 d 14. 

16. Couche mince d'oxyde de titane selon la revendication 15 ou le materiau de base est constitu6 par une substance 
choisie pamii les ceramiques. les m6taux, le verre, les mati6res plastiques. le papier et le bois. 

17. Couche mince d'oxyde de titane selon la revendication 16 oij le materiau de base est constitue par une substance 
resistant d la chaleur choisie panni les c6ramiques. les m6taux et le verre. et la couche mince d'oxyde de titane a 
6t6 caldnde. 



18. Article produit par revetement d une surface d'un materiau de base avec la dispersion aqueuse d'oxyde de titane 
selon I'une quelconque des revendications 1 d 14. 

19. Article selon la revendication 1 8 oii le mat6riau de base est constitu6 par une substance choisie parmi les c6ramiques. 
les m6taux, le verre. les mati§res plastiques, le papier et le bois. 

20. Proc6d6 pour produire une dispersion aqueuse de particules d'oxyde de titane comprenant des particules d'oxyde 
de titane brookite, qui comprend des ions chlorure et une base de Brxpnsted differente des ions chlorure en une 
quantit6 telle que la teneur en anions totale des ions chlorure et de la base de Brqmsted est dans la plage de 50 
ppm d 10 000 ppm dans la dispersion aqueuse d'oxyde de titane, lequel prc»c6d§ comprend I'hydrolyse du tetra- 
chlorure de titane en presence d'une solution contenant au moins un type de base de Bnpnsted d une temperature 
dans la plage de 50^ au point d'6bullition d'une solution aqueuse de t6trachlorure de titane, puis I'ajustement de 
la dispersion aqueuse d'oxyde de titane ainsi pr§par6 de telle manidre que la teneur en anions totale des bns 
chlorure et de la base de Brq)nsted dans la dispersion aqueuse d'oxyde de titane est dans la plage de 50 pom d 10 
000 ppm. 

21. Proc6de pour produire la dispersion aqueuse d'oxyde de titane selon la revendication 20 ou la base de Bnpnsted 
est au moins un type d'ions choisi panni les ions nitrate, les ions phosphate, les ions pyrophosphate, les ions 
m6taphosphate, les ions polyphosphate et les ions acide organique. 

22. Proced6 pour produire la dispersion aqueuse d'oxyde de titane selon la revendication 20 ou la base de Bnpnsted 
comprend des ions nitrate ou des ions phosphate ou des ions nitrate et des ions phosphate. 

23. Precede pour produire la dispersion aqueuse d'oxyde de titane selon la revendication 20 ou les ions acide organique 
sont choisis parmi les ions acdtate, les ions 6thanesulfonate, les ions dod6cylbenz6nesulfbnate et les ions prooa- 
nesulfonate. 



I. Precede pour produire la dispersion aqueuse d'oxyde de titane selon I'une quelconque des revendications 20 d 23 
oii I'hydrolyse du tetrachlorure de titane est conduite d une temperature dans la plage de 75'C au point d'^bullltion 
d'une solution aqueuse de tetrachlorure de titane. 

. Proc6d6 pour produire la dispersion aqueuse d'oxyde de titane selon la revendication 24 ou I'hydrolyse du tetra- 
chlorure de titane est conduite dans un recipient reactionnel equipe d'un refrigerant d reflux, tandis que de la vapeur 
de chlorure d'hydrogfene et de la vapeur d'eau sont condens6es et renvoyees dans la solution aqueuse de tetra- 
chlorure de titane. 



Precede pour produire la dispersion aqueuse d'oxyde de titane selon la revendication 24 ou 25 oil du tetrachlomre de 
titane est incorpore dans de I'eau chaude maintenue ^ une temperature de 75''C d 1 0O'C puis I'hydrolyse du tetrachlomre 
de titane est conduite e une temperature dans la plage de 75°C au point d'ebullition d'une solution reactionnelle aqueuse 



EP 1 083 152 B1 



BEST AVAIUBLE 




F I G. 1 



THIS PAGE BLANK (Msno, 



